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Goals of this meeting

Clinical goal:
Can “genome profiles.... assess individual risk for
disease based on the combination of genetic
variation at multiple loci.”

Scientific goal:
What “scientific foundation for using personal

genome files for risk assessment, health promotion
and disease prevention.”

Focus: “actionable information”



CRC Prevention
Background

CRC in USA
*150,000 cases/yr
50,000 deaths/yr

Risk over lifetime
*M: 5.7% incidence (2.3% death)
F: 5.2% (2.1%)

Other
*90% of CRC occur >50y.o0.
*Only 1/3 detected at ‘curable’ stage
eadenomatous polyp common (30-50% >50y.0.)
chemoprevention has limited role
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(e.qg., after colonoscopy/polypectomy)
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Clinical questions
1. What risk of CRC over lifetime?
2. What risk of CRC now?

3. What risk of CRC in future, over next X years?
(e.qg., after colonoscopy/polypectomy)

For each gquestion, consider:
simportance
ecurrent approach (actions based on risk)
potential of genomics



1. What risk of CRC over lifetime?

There are 3 risk groups:

High
Average
Low



1. What risk of CRC over lifetime?
High Risk (e.g., APC/FAP)

Definition
autosomal dominant (chrom. 5); small N
Importance

biology: elucidate biology of ‘common CRC’
clinical: ~get CRC in 20s

Approach
colectomy; action based on FH (though few have no
FH), sigmoidoscopy

Potential of genomics in 2008
limited



1. What risk of CRC over lifetime?
Average Risk

Importance
big N
Approach:
screening (early detection)
colonoscopy, FOBT, sigmoidoscopy
*screen >age 50
target: ‘early CRC’, ‘advanced adenoma’

Potential of genomics in 2008
sort out, among ‘average’, who has higher/lower risk
(‘tailoring’)
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We already do some ‘tailoring’ in CRC screening.
What lessons?
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How do we manage ‘family history’?
Risk is, roughly, 2x ‘'normal’.



1. What risk of CRC over lifetime?
Average Risk

We already do some ‘tailoring’ in CRC screening.
What lessons?

How do we manage ‘family history’?

Tailoring is based not on ‘genomics’, but genomics
would give same kind of information about risk.



Family history: It's a gigantic mess.
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Family history: It's a gigantic mess.

Recommendations reflect disagreement at every level:

a. What is degree of risk, and what features indicate risk?
1 FDR; >1 FDR; age?

b. What degree of risk warrants ‘action’?

c. At that degree, what action?
*more ‘intense’ test (e.g. colonoscopy)
*same testing program as for average risk but earlier age
*more frequent testing program

d. Does FH of adenoma mean same thing as FH of CRC?
The ‘problem’ in a-d.:
Insufficient data; disagreement about what data mean



What lessons from family history:
from 30,000 feet



What lessons from family history:
from 30,000 feet

Yes we have very little data. But even if we had data, we
have no quantitative conceptual framework to handle:

a. What is degree of risk?
b. What degree of risk warrants ‘action’?
c. At that degree, what action?

Does this kind of framework exist for other cancers:
can it be applied to CRC?



Quantitative conceptual framework:
can it help in CRC?

Before we develop framework, consider whether it will
provide ‘actionable’ information:

In USA, CRC screening is over-used (compared to what
prescriptive quantitative decision-making says):
-too-frequent follow-up after a normal, or polyp

In other words, many people who are getting screening
are getting too much.

*Pressures to over-use colonoscopy: relatively safe;
‘everyone benefits’ by being aggressive.

*\WWould better quantitative information about risk
(e.g. genomics, tailoring) make a difference?
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Would better information
(e.g. genomics) make a difference?

Here is one kind of data that — if it exists — could provide
Important actionable information:

Is there a very low risk group?
Lifetime risk so low that screening not needed.

|.e. Rather than ‘tinker’ with different degrees of ‘high
risk’ (because people are already getting aggressive
screening) can we identify 50% or 20% of population
with very low risk?



Can we identify 50% or 20% of
population with very low risk?

What does CRC curve
look like? On left, avery
low risk group?

From J Gulcher

Developing drugs and diagnostics
for common diseases

8 validated genetic markers defines
Prostate Cancer risk ranging from 0.4 to 6 fold

Genetic Risk Tests Already Available
for Common Diseases

Helping physicians prevent or detect earlier
some of the most important common diseases

Jeff Gulcher MD PhD
C50 and co-Founder

Decode Genetics




Can we identify 50% or 20% of
population with very low risk?

Comment:

a. | don’t expect Mother Nature works this way, but I'm
not genetics person; what do you think.

b. But | can tell you that, if MN does work this way, this
would be important/actionable information.



CRC Prevention: What clinical questions;
what kinds of ‘risk’; can genomics help

Clinical questions
1. What risk of CRC over lifetime?
2. What risk of CRC now? (e.g. screening)

3. What risk of CRC in future, over next X years?
(e.qg., after colonoscopy/polypectomy)



2. What risk of CRC now?

Importance
Identifying ‘risk now’: goal of screening, early detection.

Examples of screening tests
at present: colonoscopy, FOBT, sigmoidoscopy
*in (near) future: virtual colonoscopy
*in (distant/never?) future: serum proteomics;
serum genomic (cancer cells or DNA in blood; other)

Potential for genomics in 2008



2. What risk of CRC now?

Potential for genomics in 2008
One example with lessons:
DNA mutations in stool (shed CRC cells) — is this be basis
for detecting CRC now (screening)?



Biological rationale: Vogelstein's description
of genotype/phenotype progression

Mismatch Repair
Gene Inactivation

Chromosome: 5q 124 18q 17p
Alteration: Mutat & Loss Mutation LosSS Mutation & Loss
Gene: APC K-RAS DCC? pS3
> Early Intermed Late Carcmoma
Adenoma Adenoma Adenoma
Altered
DNA

Methylation Other Genetic

Alterations? (e.g. TGF-R
type Il receptor)

Modified from Fearon and Vogelstein Cell 1990;
61:759-767



2. What risk of CRC now?

Working with Vogelstein, EXACT Sciences developed a way
to measure human DNA in stool:
APC
Kras
P53



Can stool DNA test detect CRC?

ik BEW EMNGLAND JOURKNAL f MEDICINE

ORIGINAL ARTICLE

Fecal DNA versus Fecal Occult Blood
for Colorectal-Cancer Screening
in an Average-Risk Population
Thomas F. Imperiale, M.D., David F. Ransohoff, M.D., Steven H. ltzkowitz, M.D._,

Barry A. Turnbull, Ph.D., and Michael E. Raoss, M.D.,
for the Colorectal Cancer Study Group®

NEJM 2004;351:2704-14
(Disclosure: DFR was consultant/chair of EXACT SAB until 2002)



Can stool DNA test detect CRC?

Answer:

1. Yes, but not well: sensitivity 51%; specificity 95%
*a lot better than fecal occult blood testing
*but test is expensive

2. SO can biological approach be improved?
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Can stool DNA test detect CRC?

Answer:

1. Yes, but not well: sensitivity 51%; specificity 95%
*a lot better than fecal occult blood testing
*but test is expensive

2. SO can biological approach be improved?

Improvement is based on non-Vogelgram genomics!
*‘long DNA’ (Shuber)
methylated vimentin (Markowitz)

Mother Nature fools us again!



Goals of this meeting:
what research agenda for CRC

Clinical goal:
Can “genome profiles.... assess individual risk for
disease based on the combination of genetic
variation at multiple loci.”

Scientific goal:
What “scientific foundation for using personal

genome files for risk assessment, health promotion
and disease prevention.”

Focus: “actionable information”



Goals of this meeting:
what research agenda for CRC

1. Is field of CRC prevention ‘ready’ for genomic
Information about risk?
*no quantitative conceptual framework
‘family history’ situation illustrates not only lack of
data, but also lack of framework to handle it

2. HOWEVER, one potential use of genomic information
about lifetime risk that is clinically important:
*Can a low-risk group be identified that does not
need screening?



This potential use Is neat, clean,
clinically important



his potential use Is: neat, clean,
clinically important

.. and meets Khoury criteria  (Genomics 2008)

‘Evaluation focus,’ ‘clinical validity,’ ‘clinical utility’

EXHIBIT 1
Domains In The Evaluation Of Genomlc Applications Proposed For Clinlcal Practice

Damain Element

Evaluation Tocus Dafinition of the disordar el cinical scenadnio of intended usa {far
axamphe, population tegted, disgnoshic o pradictiva)

Anadvic valgiy [A] Analytic sansitivity, specificity, predictive values, reiabiity and robusiness

Clinigal valdiy [C} Garg-diseans aesocialions; Cimcal sansitivity, specficity, predictive values

Clinical utiity {C] Efficacy, efectiveness, safety, acceptability, effciency, feasibility of

implamertation, costs
Ethical, legal, and socisl Bsues (E] Confidentiaity, privacy; acosss, stigmatization, decriminatian
SOURCE: Anapted o | E. Hoodom and G5 Falomak, “& Mode| Prooess for the Evaluating Da

in Humsss Benoos Epddesdoings Scooe ond Strategies, o, KL Hhowry, 1. Limke, 2nd W, Burke
Press, 2004 247-333.

[hbew Firke Ducond Linketssing

EXHIBIT 2
Characterlstics Associated With Low And High Evidence Thresholds For Genomic
Applications In Practice
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